ABSTRACT Although stilbene fluorecent brighteners have been demonstrated to increase the susceptibilities of many lepidopterous insects to insect viruses, little information exists on the effects of a brightener on the susceptibility of the codling moth, Cydia pomonella (L.) (Lepidoptera: Tortricidae) and the false codling moth, Cryptophlebia leucotreta Meyrick (Lepidoptera: Tortricidae). In the present study, we tested the effects of the fluorescent brightener 28 (UNPA-GX) on increasing of the insects' susceptibility to a granuloviruses. The bioassay tests showed that brightener did not increase the susceptibility of codling moth neonate larvae and false codling moth larvae to the granulovirus (CpGV). The same result was obtained when the false codling moth GV was tested in presence of brightener against its homologous host. In addition, brightener failed to change the susceptibility of the codling moth to ClGV.
Codling moth, Cydia pomonella (L.) (Lepidoptera: Tortricidae), and the false codling moth, Cryptophlebia leucotreta Meyrick (Lepidoptera: Tortricidae), are important pests of fruits such as apple, citrus, etc. Codling moth larvae are highly susceptible to their homologous granulovirus. Also, the larvae of the false codling moth are susceptible to their homologous granulovirus as well as to the C. pomonella granulovirus (Weber 1984) . Infection of insect larvae by granulovirus occurs by oral ingestion of the viral occlusion bodies (OBs). The OBs dissolve in the alkaline digestive juices of the midgut, releasing enveloped virus particles. These particles pass the peritrophic membrane (PM), which lines the midgut before infecting the midgut cells (Granados & Lawler 1981) . In insects such as the gypsy moth, Lymantria dispar L. (Lepidoptera: Lymantriidae), the midgut cells are not infected but the addition of a fluorescent brightener to the virus suspension results in infection (Adams et al. 1994 , Dougherty et al. 2006 . PM lines the gut of many arthropods and other animals, separates ingested food from the gut epithelium and provides important protection against microorganisms and parasites (Bolognesi et al. 2001 , Eisemann & Binnington 1994 , Tellam 1996 , Terra 2001 , Wang & Granados 1998 , Jayachandran et al. 2000 , Wang & Granados 2001 . Wang & Granados (1998) studied the presence of the PM in Trichoplusia ni larvae in vivo and its role in limiting baculovirus infection. Brightener destroyed the PM, which increased the larval susceptibility. El Salamouny et al. (2003) , Mukawa et al. (2003) and Zhu et al. (2007) confirmed that the PM is composed of chitin and protein (Peters 1992) , thus the activity of baculovirus can be enhanced by altering the chitin with chitinase (Shapiro et al. 1987) or the protein with protease (Lepore et al. 1996 , Wang & Granados 1998 , Peng et al. 1999 .
In order to obtain effective formulation of baculovirus under field conditions, the additives should increase the virus's efficacy. Previous studies have shown that the efficacy of baculoviruses is increased by enhancers in noctuid and tortricid insects. Brighteners can increase the susceptibility of noctuid insects to nucleopolyhedrovirus but they cannot change unsusceptible host to susceptible ones (El Salamouny et al. 1997) . It is known that brighteners increased larval susceptibility of several noctuid species to NPV infections by 2200 fold , 1800 fold (El Salamouny et al. 2001 ), 461 (El Salamouny et al. 1997 , and 160 fold (Boughton et al. 2001) . Brighteners disrupt the PM that lines the midgut and facilitates NPV infection of midgut epithelial cells, thus the PM loses its integrity and tears in the matrix structure . In vitro studies showed that protein in the PM could be dissociated in vitro by calcofluor (Wang & Granados 2000) . On the other hand, brighteners provide baculovirus activity enhancement and UV radiation protection (Dougherty & Shapiro 1996) .
Enhancement of baculoviruses activity in tortricid species was less than the rate obtained in noctuid species. The rate of increased susceptibility of the tortricid spruce bud worm Choristoneura fumiferana (Lepidoptera: Tortricidae) to its homologous MNPV was 83.9 fold and only 4.1 fold against the heterologous host C. occidentalis (Li & Otovos, 2001 ). Also, Li & Otovos (1999a) reported only 13.08 fold enhancement when compared to the LC 95 and only 3.55 fold when compared to LC 50 of the C. fumerana MNPV against C. occidentalis. Brightener enhanced the activity of CfMNPV against a field strain of C. occidentalis more than (7.6-11.0 fold) in the laboratory strain (2.5-3.5 fold) (Li & Otovos 1999b ).
In the present study, we tested brightener against two granuloviruses; C. pomonella GV and C. leucotreta GV as examples for the high virulent granulovirus in comparison with previously published data on A. segetum GV. Cross infection tests using the homologous virus of codling moth, false codling moth and turnip cutworm were carried out.
The role of the presence of PM in susceptibility and ability of enhancement by brightener of codling moth in comparison with turnip cutworm was histologically investigated.
Material and Methods
Test insects. Neonate larvae of a noctuid, the turnip cutworm, Agrotis segetum were tested and compared to the codling moth and the false codling moth larvae. The turnip cutworm larvae were reared on a semi artificial diet described by Hassani (2000) , however tortricid larvae were reared on another diet described by Ivalid-Sender (1974) .
Viruses. The viruses tested included the codling moth granulovirus (CpGV) and the false codling moth granulovirus (ClGV). These were obtained from the Institute for Biological Control, Julius Kü hn-Institut (JKI), Federal Research Centre for Cultivated Plants, Darmstadt, Germany. For comparison, the previously published data by El Salamouny et al. (2003) on enhancing the activity of A. segetum GV by brightener (Calcoflour, UNPA-GX, Sigma-Aldrich) were used.
Synergisitic additive. Fluorescent brightener 28 (Calcoflour, UNPA-GX, Sigma-Aldrich).
Diet-incorporation bioassay. The viruses were incorporated into the semisynthetic diet in the presence or absence of brightener additive (Huber 1981 , El Salamouny et al. 2003 . Viruses were tested at concentrations ranging from 10 2 to 10 7 capsules/ml diet. UNPA-GX was used as a 0.05% and 0.1% final concentration (wt/vol). The mixture of the diet (40 ml) and virus (5 ml) (or plus brightener at 5 ml) was placed in special bioassay plates containing 50 cells (LICEFA, BadSalzuflen, Germany). Fifty neonate larvae were tested per replicate. The bioassay plate was covered with a layer of tissue paper and a polyethylene sheet that was fixed with rubber bands and incubated at 26uC, 60-70% RH and 16 hours light and 8 hours dark. Mortality due to viral infection was recorded every two days for 8 days in case of tortricid insects. Three replicates of each treatment were made.
Weight of larvae. For studying the effect of brightener on the weight of codling moth larvae were fed continuously on brightener concentrations of 0.05, 0.1 and 1% (wt/vol) in the diet. Ten fourth instars of each treatment replicate were weighed by using a digital balance to investigate the effect of brightener. Data has been taken at the last day of the bioassay (Day 8).
Light microscopy. Dissection and isolation of the peritrophic membrane. Fifth instars of codling moth were dissected in Ringer's solution buffer for isolation of the PM.
Serial thin sections. For the serial sections of the midgut or the whole codling moth larvae, 7, 13 and 25 larvae were used for the tested first, third and fifth instar, respectively. However, 19, 20 and 8 Agrotis segetum larvae were used for the same instars, respectively. The fixation and embedding process used the same method used by Kleespies et al. (2001) and El Salamouny et al. (2003) . First, third and fifth instar larvae were fixed with Dubosq-Brazil's alcoholic Bouin's and embedded in Histosec (Merck, Darmstadt, Germany). For the third and fifth instar larvae, the sections were cut at 9 mm and stained with Heidenhain's iron haematoxylin and counterstained with erythrosine or with Giemsa's stain (both are from Merck, Darmstadt, Germany). A Leica DMRB (Leica, Bensheim, Germany) photomicroscope with phase contrast and bright field equipment was used to examine the histological sections at 50, 200 and 400 magnifications.
Electron microscopy. Negative staining. The dissected PM of turnip cutworm larvae was kept in buffer, cut to small pieces, stained with sodiumphosphotungstate (2%) and examined by electron microscopy.
Ultrathin sections. First instars as well as small pieces of the isolated PM and the midgut were fixed overnight at 4uC in 3.0% glutaraldehyde in Veronal buffer (pH 7.2) and post fixed in 2.0% osmium tetroxide in the same buffer for 2 hours. Subsequently, midgut and PM samples were stained enbloc in 2% aqueous uranyl acetate for 5 hours, dehydrated through increasing concentrations of ethanol and embedded in methacrylate. Ultrathin histological sections were obtained with a Leica Ultracut-S microtome and stained with 6% lead citrate and 2% aqueous uranyl acetate (Kleespies et al. 2001 ). The stained sections were examined by transmission electron microscopy (TEM) at 7,000, 12,000, and 20,000 magnification.
Statistical analysis. LC 50 values were calculated using a computer program to calculate the linear regression of log concentration against Probit mortality (Finney, 1971) .
Results
Effect of fluorescent brightener 28 on the susceptibility of tortricid larvae. Data graphically presented in Fig. 1 show that no enhancement effect was recorded at the tested brightener concentrations of 0.05%, and 0.1% when CpGV was tested against its homologous host, the codling moth. LC 50 values were 1.58 3 10 4 , 1.63 3 10 4 and 1.82 3 10 4 granules/ml diet for the virus-alone treatment, and 0.05% and 0.1% brightener, respectively. Also, no enhancement effect was obtained in the case of the heterologous host, the false codling moth. The obtained LC 50 values were close to each other with a value of 1.92 3 10 5 , 2.47 3 10 5 , and 3.71 3 10 5 G/ml diet for virus alone treatment, 0.05%, and 0.1% brightener, respectively (Fig. 1 ).
When ClGV was tested against its homologous host C. leucotreta, no change in the susceptibility was recorded. The LC 50 values were 2.25 3 10 3 , 3.21 3 10 3 , and 2.89 3 10 3 capsules/ml diet for virus alone treatment, and 0.05% and 0.1% brightener treatments, respectively. When ClGV was used against C. pomonella as a heterologous host, brightener did not cause the insect to become susceptible to this virus (Fig. 1) .
In contrast, the published data by El Salamouny et al. (2003) on the turnip cutworm (AgseGV) that was tested against A. segetum larvae for comparison showed that a reasonable enhancement effect was obtained. LC 50 value was estimated by 2.62 3 10 6 capsules/ml without brightener, decreased sharply to 1.69 3 10 4 and 3.43 3 10 3 capsules/ml for concentrations of 0.05% and 0.1% brightener, respectively (Fig. 1) .
Effect of brightener on the weight of the tested larvae. Data demonstrated that the brightener did not reduce the weight of the codling moth larvae at the concentrations of 0.05% and 0.1%. On the larvae of the codling moth, however a slight increase in weight was observed. The average weight per larva was 0.019, 0.024 and 0.026 g/larva for the untreated control (H 2 O), 0.05 and 0.1%, respectively.
Histological studies on peritrophic membrane. In order to determine whether or not the susceptibility of the codling moth and the turnip cutworm GVs and with and without UNPA-GX is different, we compare the structure of the midgut of both species.
Isolation of PM. Isolation of fifth stage codling moth larval PM was not successful. Therefore, histological studies by fixation of the whole midgut or the whole larva were carried out.
Serial longitudinal sections. Histological sections of codling moth of the first and 3 rd instar midgut showed no PM was detected and the food was in direct contact with microvilli (Fig. 2) . However, in case of the fifth instar larval sections, PM was thinner, found in the anterior part of the midgut and did not line the entire midgut.
In contrast, structure of first stage larvae was the membrane consisted only of one layer but still lined the entire midgut. However, third and fifth instar larvae of turnip cutworm were multilayered and lined the whole midgut (Fig. 3) .
Electron microscopy. Negatively stained preparations of PM of the fifth instar larvae of turnip cutworm showed that it has no special structure (Fig. 4a) and ultrathin sections showed that PM is multilayered (Fig. 4b) .
In case of codling moth fifth instar sections, the membrane had a similar structure to that of turnip cutworm PM and assumed that this section was made at the anterior part of the midgut. Other sections showed a very thin layer on the microvilli. In neonate larvae no membrane was detected and the food was in direct contact with the microvilli.
Discussion
In the present study, we demonstrated that brightener did not increase the susceptibility of the codling moth and the false codling moth. The PM was thick in the turnip cutworm larvae and lined the whole midgut, thus the virus had to pass through the PM in order to cause infection. We compared the relationship between presence and thickness of the PM and the susceptibility rate of tortricid Fig. 3 . Histological section in the midgut of Agrotis segetum third instar larvae shows that the peritrophic membrane lines the whole midgut and separate the food and microvilli. Vol. 24, No. 4 (2007) and noctuid insects. The relationship between the synergistic effect of brightener on susceptibility of the turnip cutworm and presence or absence of the site of action (PM) appears to play an important role in insect susceptibility. Shapiro (1992) speculated that brightener was to act as a chitin syntheses inhibitor which would allow a large number of virions to infect epithelial cells. El Salamouny et al. (2003) reported a complete disruption of the PM of the turnip cutworm as a result of maintaining the larvae diet containing 0.1% of UNPA-GX for 12 days. Also, exposing the fifth stage larvae to the diet with a 103 concentration of UNPA-GX for 24 hours, produce a similar disruption of the PM. Destruction of the PM was corresponded to a high rate of enhancement, which could explain the mechanism for increased susceptibility of insects by addition of brighteners. This result is similar to that found by Wang & Granados (2000) , and Okuno et al. (2003) . Absence of the PM in the midgut in case of C. pomonella, could allow the virus particles in midgut to be in direct contact with the epithelial cells. The confirmation by the longitudinal sections by light microscopy for all investigated instars except that the anterior part of the midgut as well as by the ultrathin sections by the transmission electron microscopy showed that the food was in direct with the microvilli with no physical barrier in case of the first and third codling moth instar larvae. Our findings may explain why the tortricids C. pomonella and C. leucotreta are highly susceptible each to its homologous virus either with or without brightener. The obtained low rate of enhancement of brightener on tortricid insects is compatible with the low rate of enhancement of other tortricid insects found by Otvos (1999a,b & 2001) . The result of brightener could not induce codling moth larvae toward susceptiblity to ClGV. This agreed with results of El Salamouny et al. (1997) in the case of NPV's and their highly susceptible hosts. The absence of a PM in codling moth larvae may explain the absence of the synergistic action of UNPA-GX which, is due to absence of the site of action (PM) .
No explanation for the slight increase in the larval weight of codling moth due to addition of brightener which is contrary with the previous decrease in weight due to brightener reported on turnip cutworm by El Salamouny et al. (2003) .
The obtained results support the hypothesis that the stilbene brightener UNPA-GX facilitates baculovirus infection of larvae by dissolving the PM (Wang & Granados 2000) which serves as a physical barrier to virus entry. The reason of the non response of tortricid larvae to UNPA-GX could be due to its action as carbonic anhydrase inhibitors.
